


Large Landslides, Composed of
Megabreccia, Interbedded in Miocene

Basin Deposits, Southeastern Arizona

By MEDORA H. KRIEGER

GEOLOGICAL SURVEY PROFESSIONAL PAPER 1008

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1977



UNITED STATES DEPARTMENT OF THE INTERIOR
CECIL D. ANDRUS, Secretary

GEOLOGICAL SURVEY

V. E. McKelvey, Director

Library of Congress Cataloging in Publication Data
Krieger, Medora Louise Hooper, 1905-
Large landslides, composed of megabreccia, interbedded in Miocene basin deposits,
southeastern Arizona.
(Geological Survey Professional Paper 1008)
Bibliography: p.24-25
Supt. of Docs. no.: 119.16:1008
1. Landslides--Arizona--Gila Co. 2. Landslides--Arizona--Pinal Co. 3. Geology, Stratigraphic--Miocene.
I. Title. II. Series: United States. Geological Survey. Professional Paper 1008.
QE599.USK75 557.3°08s (551.3’5) 76-608331

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402
Stock Number 024-001-03026-8



CONTENTS

Page Page
Abstract _____________ . 1 | Kearny landslides—Continued
Introduction _______________ - 1 Small southern landslides - ____________________________ 12
Acknowledgments _.______________________________________ 3 Megabreccia - ______________ - 12
Geologic setting____________ 3 Contact relations ______________________________________ 14
Kearny landslides__________________________________________ 3 Source of the Kearny landslides -_______________________ 15
San Manuel Formation ________________________________ 3 | El Capitanlandslide _______ . ____________________________ 15
Alluvial deposits ________ 3 Basindeposits ________________________________ 15
Playa deposits . __________________________________ 4 The slide block ____________ - 15
Large northern landslide ______________________________ 6 Megabreccia 16
Small northern landslides ______________________________ 8 Contact relations ______________________________________ 16
Large southern landslides ______________________________ 8 Source and volume of the El Capitan landslide __________ 18
Lowest slide block __________________________________ 10 | Origin and mode of emplacement of catastrophic landslides.___ 18
Middle slideblock - ________________________________ 10 | Conclusions 24
Highest slide block ________________________________ 10 | Referencescited __________ - 24
ILLUSTRATIONS
[Plates are in pocket]
PraTE 1. Geologic map of Kearny and surrounding quadrangles, Arizona.
2. Geologic map of the northern landslides, Kearny quadrangle, Arizona.
3. Geologic map of the southern landslides, Kearny quadrangle, Arizona.
4. Geologic map of the El Capitan landslide, Dripping Spring Valley, El Capitan Mountain quadrangle, Arizona.
Page
Ficure 1. Index map showing location of Kearny and El Capitan Mountain quadrangles.____ . ________________________________ 2
2-8. Photographs showing:
2. Typical bedding in dark nongranitic playa deposits - ... ______________________________ .. _______ 4
3. Curled mud chips and mud cracks in dark nongranitic playa deposits __________________________________________ 5
4. Dark nongranitic playa deposits with coarse conglomeratebed ________________________________________________ 5
5. The large northern landslide as seen from the south ________ e 6
6. East face of north half of northern landslide . _____ e 7
7. East side of northern landslide ________________________ e 7
8. East face of southern landslide _____________________ e 8
9. Map showing slide blocks in southern landslide _ ___ _________ e 9
10-26. Photographs showing:
10. Slide blocks in southern landslide ___________________________________ .. 11
11. Troy megabreccia overlain by unshattered black bed _______________________ o ________ 12
12. Lower Martin megabreccia with large angular fragments______________________________________________________ 13
13. Escabrosa megabreccia with rotated clasts ________________________________ . 13
14. Unshattered block of Mescal Limestone, showing distinct bedding -~ __________________________________________ 14
15. Contact between diabase megabreccia and underlying gray sandstone __________________________________________ 14
16. El Capitan landslide and its source _.______________ o ____ 16
17. El Capitan landslide interbedded in lakebeds _____ e 16
18. Typical exposures of Escabrosa and Martin megabreccias in southern part of El Capitan landslide ________________ 17
19. Wide variation in size of clasts in Escabrosa megabreccia ... __________________________________________________ 17
20. Voids around some clasts in Escabrosa megabreccia ___________________________________________________ e 18
21. Gougelike zones in lower Martin megabreceia ____ e 18
22. Typical exposure of breccia, structureless conglomeratic mudfiow, and well-bedded lakebeds . ____________________ 19
23. Tilted lower Martin megabreccia and conglomeraticmudflow . ________________________________________________ 20
24. Tilted conglomeratic mudfiow and overlying megabreccia__ . ____________ . 20
25. Sandstone dike in megabreceia ________________ 21
26. Folded lakebeds beneath megabreccia_______________________________________ . 21
27. Map of El Capitan landslide and its source area_ _____ __ __ e 22



v

TaBLE 1. Distinctive features of catastrophic avalanches

CONTENTS

TABLE



LARGE LANDSLIDES, COMPOSED OF MEGABRECCIA,
INTERBEDDED IN MIOCENE BASIN DEPOSITS,
SOUTHEASTERN ARIZONA

By MEpora H. KRIEGER

ABSTRACT

The landslides in the Kearny and El Capitan Mountain quadran-
gles, Pinal and Gila Counties, Ariz., are tabular or lenslike masses of
megabreccia enclosed in Miocene basin deposits. The megabreccias
within individual slide blocks are composed of pervasively brecciated
Precambrian and younger formations that remain in normal strati-
graphic sequence, indicating that each landslide moved as a fairly
coherent mass. The megabreccias consist of fresh, mostly angular
rock fragments in a comminuted matrix of the same composition as
the fragments. The matrix ranges in amount from sparse to abun-
dant. Where the matrix is sparse, the fragments fit tightly with little
or no rotation. Locally fragments are rotated but not moved far; most
units within a slide block are lithologically homogeneous.

The Kearny landslides are conformably interbedded in steeply
east-dipping playa and alluvial deposits. They form map units from a
few tens of meters to nearly 4 km long and from less than 1 to 270 m
wide. Narrow ridges expose sections through the landslides at about
right angles to the direction of movement. The upper (proximal) ends
have been eroded; the lower (distal) ends are buried. The El Capitan
landslide dips very gently southward. Although partly dissected dur-
ing erosion of the enclosing alluvial and lakebed deposits, its approx-
imate original outline is still preserved. It forms a thin sheet, 5~15 m
thick and at least 3.8 km long; the maximum outcrop width, near its
distal end, is about 1.5 km.

The Kearny landslides show little evidence of having exerted dif-
ferential pressure on the underlying soft playa and alluvial deposits,
and the contacts with the underlying sediments have little relief.
The distal end of the El Capitan landslide, on the other hand, has
considerable relief. As the landslide came to an abrupt stop, the end
plowed into the underlying sediments, compressing them into folds
and forming sandstone dikes. The source of the El Capitan landslide
is a well-defined amphitheater on the south side of E1 Capitan Moun-
tain 1,500 to more than 3,000 m above and 1.5-3 km north of the
proximal end of the landslide. The long distance traveled on a very
gentle slope indicates that the El Capitan landslide had a very low
coefficient of friction, similar to some modern and prehistoric ava-
lanches. According to Shreve, they may have traveled on a thin lu-
bricating layer of compressed air. The coefficient of friction of the
Kearny landslides cannot be determined. However, the nonturbulent
character of both the Kearny and El Capitan landslides indicates
that they slid rather than flowed.

INTRODUCTION

Large landslides in the Kearny and El Capitan
Mountain quadrangles (fig. 1), Pinal and Gila Coun-
ties, Ariz. are tabular or lenslike masses of megabrec-
cia composed of shattered but well-indurated Precam-
brian and younger rocks conformably enclosed in

Miocene basin deposits. The term megabreccia is used
in this report to describe the pervasive brecciation of
mappable lithologic units within the landslides; these
megabreccias are derived from recognizable named
formations exposed in adjacent mountain ranges. Each
megabreccia comprises fresh, mostly angular rock
fragments in a comminuted matrix of the same com-
position as the fragments. Large blocks, 3 m long or
more, are present, but most fragments are less than
25 ¢cm in maximum dimension.! The amount of matrix
ranges from sparse to abundant. Where matrix is
sparse, the rock resembles a three-dimensional jigsaw
puzzle. Locally fragments are rounded or rotated, but
most have moved only slightly relative to their
neighbors; adjacent formations are not mixed, except
in a few isolated outcrops. This lithologic homogeneity
distinguishes these landslides from debris flows or
mudflows. Detailed study of the stratigraphy of the
landslides and comparison with undisturbed strati-
graphic units proves that many of the brecciated for-
mations within individual slide blocks, although at-
tenuated, are in normal stratigraphic sequence. For
this reason and for simplicity, lithologic units within
the landslides are referred to informally in the text and
illustrations as Escabrosa megabreccia or Martin
megabreccia, for example, instead of the correct but
more cumbersome designations of megabreccia com-

.posed of the Mississippian Escabrosa Limestone or the

Devonian Martin Formation. The normal stratigraphic
sequence within a slide block proves that it must have
moved as a unit. Most of the landslides represent single
slide blocks, but one large mass is composite and con-
sists of at least three slide blocks. Disruption or repeti-
tion of sequence in this block may be due to tectonic
activity unrelated to emplacement; some disruption or
repetition may be due to rapid emplacement of unrec-
ognized slides or to imbrication during emplacement.

Longwell (1951) called similar landslide masses near Lake Mead megabreccia and de-
scribed them as large breccia masses that contain “***individual blocks of phenomenal
size*** in unassorted masses that have large thickness and lateral extent.”*** “Some indi-
vidual fragments ***hundreds of feet long ***are minutely shattered***.”
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Ficure 1.—Index map showing location of Kearny and El Capitan
Mountain quadrangles (shaded), area of plate 1 (outlined), and
other quadrangles and places referred to in text. Quadrangle
names and published data (also for plate 1) identified as follows:
B, Black Mountain (Krieger, 1974d)

BM, Brandenburg Mountain (Krieger, 1968a)

C, Christmas (Willden, 1964)

CP, Crozier Peak (Krieger, 1974c)

E, El Capitan Mountain (Krieger, this report; Cornwall and
Krieger, 1977)

Grayback (Cornwall and Krieger, 1975b)

Hayden (Banks and Krieger, 1977)

Holy Joe Peak (Krieger, 1968b)

Kearny (Cornwall and Krieger, 1975a)

Lookout Mountain (Krieger, 1968c)

Mammoth (Creasey, 1965 for 7%-minute quadrangle; 1967
for 15-minute quadrangle)
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N, Ninetysix Hills Northeast (Wilson and others, 1969)

P, Putnam Wash (Krieger, 1974e)

S, Sonora (Cornwall and others, 1971)

SM, Saddle Mountain (Krieger, 1968d)

T, Teapot Mountain (Creasey and others, 1975)

W, Winkelman (Krieger, 1974b for 7%-minute quadrangle;

1974a for 15-minute quadrangle)

Although the landslides in the Kearny and El Capi-
tan Mountain quadrangles are inferred to be similar in
origin, they differ markedly in general form and ap-
pearance, largely because of major differences in at-
titude and degree of erosion. The Kearny landslides are

conformably interbedded in steeply east-dipping basin
sediments, therefore forming map units from a few
tens of meters to nearly 4 km long and from less than 1
to 270 m wide. Maximum exposed thickness of the
largest landslide is about 180 m. The narrow ridges
represent sections across the original landslide at
about right angles to the direction of movement. The
upper (proximal) ends have been eroded; the lower
(distal) ends are buried.

In contrast, the El Capitan landslide dips very gently
southward. Although partly dissected during erosion of
the enclosing basin deposits, its approximate original
outline is still preserved. It forms a thin sheet 5-15m
(locally 35 m) thick and at least 3.8 km long. Its width
increases from zero at its upper end to about 1.5 km
near its lower end.

The Kearny landslides show little evidence of having
exerted differential pressure on the underlying soft
playa and alluvial deposits; the contacts with the un-
derlying sediments have little relief, no sandstone
dikes were found, and shattering is no more intense at
the base than higher in the slide block. The proximal
part of the El Capitan landslide also exerted little dif-
ferential pressure on the underlying alluvial deposits,
and its contacts with the underlying sediments have
little relief. Its distal end, however, exerted consider-
able pressure on the underlying deposits. The contact
has moderate relief in part because the landslide
plowed into the underlying lakebeds; sandstone dikes
forced their way into the overlying slide block, the
lakebeds were locally thrown into folds, and gougelike
zones occur at and near the base of the slide block.
These features probably are present in the Kearny
landslides but were not observed because their distal
ends are buried.

The El Capitan landslide came from an amphithe-
ater, enlarged by subsequent erosion, on the south side
of El Capitan Mountain, 2-3 km north of the northern
(proximal) end of the slide block.

The source of the Kearny landslides cannot be de-
termined from geomorphic evidence. Westward coars-
ening and imbrication of pebbles in the alluvial de-
posits that enclose the landslides indicate that the
source was to the west or southwest. This probable
source area has since been almost completely stripped
of the formations (Precambrian and Paleozoic sedimen-
tary rocks and Cretaceous volcanic rocks) that make up
most of the landslides and much of the enclosing
sedimentary rocks.

The Kearny and El Capitan landslides clearly slid
into their present positions; they did not move as debris
flows. Air-layer lubrication as proposed by Shreve
(1966, 1968a) may have been the mechanism of support
and transport for at least the Kearny landslides;
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separated in part by sedimentary strata. The slide
block highest in the section constitutes the bulk of the
landslide and contains three distinct units, the lowest
of which probably represents a single slide block. The
other two units may also represent individual slide
blocks, but they could have formed by emplacement of
a single block in which the formations had previously
been disrupted by preemplacement faults, or possibly
by imbrication during emplacement. They have been
modified slightly by postemplacement faulting. The
composite landslide consists of the same Paleozoic for-
mations as exposed in the northern one, as well as
more abundant masses of Troy, diabase, and William-
son Canyon megabreccias.?

LOWEST SLIDE BLOCK

The lowest slide block is separated into two segments
by a prebasin topographic high. The northern segment
is about 1.4 km long (including the two small outcrops
north of the main mass) and at most about 100 m wide.
It consists of Troy, upper and lower Martin, William-
son Canyon, and some Abrigo and Mescal megabrec-
cias. The slide block rests on claystone and quartzite
conglomerate, except at the south end, where both
fault and sedimentary contacts with bedrock are ex-
posed. Possibly the north half of the segment is a nor-
mal sequence: the upper Martin Formation could have
been deposited on an island of Troy Quartzite in the
Martin sea, and the Williamson Canyon Volcanics
could have been deposited on an erosion surface.
Elsewhere in this and the southern segment, the nor-
mal sequence is disrupted, mostly without any clear
indication of how the disruption occurred. The south-
ern segment contains the same formations except the
Abrigo and Mescal megabreccias; some rhyodacite
megabreccia is also present. This segment is also about
1.4 km long, extending about 300 m south of the map
area, and is up to 200 m wide. The sedimentary contact
with bedrock at the north end of the southern segment
is not exposed; elsewhere the segment is in fault con-
tact with bedrock or with dark nongranitic playa de-
posits.

MIDDLE SLIDE BLOCK

The middle slide block extends intermittently
southward for nearly 1.6 km from northwest of
Hackberry Spring. It consists entirely of Williamson
Canyon megabreccia and has a maximum outcrop
width of about 30 m. It rests, from north to south, on
claystone, bedrock, claystone, the north end of the
southern segment of the lowest slide block, and dark

2Martin sandstone megabreccia was not observed at the base of lower Martin megabreccia
in the southern landslide; the black bed was observed in only one place (fig. 11). Except for
their occurrence within the landslide, some of the large masses of Williamson Canyon
megabreccia would have been considered bedrock.

LANDSLIDES INTERBEDDED IN MIOCENE BASIN DEPOSITS, ARIZONA

conglomerate. It is overlain by the highest slide block,
except just north of Jim Thomas Wash, where dark
nongranitic conglomerate separates the two slide
blocks. The presence of this conglomerate and the con-
trast in lithology suggest that the middle slide block is
a separate unit.

HIGHEST SLIDE BLOCK

The highest slide block is about 4 km long extending
245 m south of the map area. It rests on sandstone or
claystone except where it is underlain by the middle
slide block or by dark conglomerate. It consists of three
parts, called units 1-3 (bottom to top), each of which
appears to be a nearly normal stratigraphic sequence.
The highest slide block contains the same formations
found in the lowest slide block, and also diabase
megabreccia in the north half. Unit 1 consists of Troy
megabreccia overlain by lower and upper Martin
megabreccias and underlain in many places by diabase
megabreccia that contains some unmapped lenses of
Mescal megabreccia. Unit 2 is composed of Troy and
diabase megabreccia and some Mescal megabreccia.
Unit 3 consists largely of Escabrosa megabreccia, lo-
cally underlain by a small amount of upper Martin
megabreccia and overlain by thin lenses of William-
son Canyon and rhyodacite megabreccias. South of
Hackberry Spring, the highest slide block consists
largely of unit 3. Unit 2 and the middle slide block are
exposed in the anticline on the north side of Jim
Thomas Wash. South of Jim Thomas Wash, small
lenses of Troy, upper and lower Martin, and William-
son Canyon megabreccias in Escabrosa megabreccia
may represent preemplacement fault slivers.

Unit 1.—This part of the highest slide block extends
about 2.4 km south to the Hackberry mine. It is sepa-
rated into two nearly equal segments by a post-
emplacement(?) fault, which may connect with the
fault to the northeast that offsets the Escabrosa and
Williamson Canyon megabreccias (pl. 3, sec. A-A').
The northern segment is the most complete and has a
maximum outcrop width of 92 m. It rests on sandstone
of the San Manuel Formation along a very smooth pla-
nar contact that is exposed in a number of places (fig.
15). The segment consists of a largely normal sequence,
from bottom to top, of diabase, Troy, and lower and
upper Martin megabreccias, cut in one place by a dike-
like mass of rhyodacite megabreccia. Some Mescal
megabreccia is present beneath diabase megabreccia
near the north end of the unit, and small unmapped
masses of Mescal and Troy megabreccias occur in
diabase near the south end of the segment. In the ex-
treme north end, diabase megabreccia overlies Martin
megabreccia and appears to wrap around it, as though
the formations had rolled over during emplacement;
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TABLE 1.—Distinctive features of catastrophic avalanches
[x =observed]
Landslide _.__.________ Historic Prehistoric
Location and . X
reference ____________ Elm, Switzerland  Frank, Alberta Little Tahoma  Sherman Glacier, Blackhawk, Saidmarreh, Iran El Capitan, Kearny,
(Shreve, 1968a;  (Shreve, 1968a) Peak, Wash. Alaska (Shreve, Calif. (Harrison and 1z. Ariz.
Heim, 1932) (Crandell and 1966; Plafker, (Shreve, 1968a) Falcon, 1938)
Fahnestock, 1965) 1977)
Date_____.._ 1881 1903 1963 1964 Pleistocene(?) Late Miocene(?)  Early Miocene(?)
Geomorphic features:
Very thin sheets X X X X X X X Probable.
relative to
areal extent.
Lobate form ______ X X X X X X X Do.
Relatively low X X X X X X X Do.
relief of lobes
from head to toe.
Arcuate ridges X X X Not pronounced - x Not mentioned _. Not observed _.__ Not observed.
and furrows.
Pressure ridges X % Not mentioned __ X X oeemdo _do Do.
and distal rim.
Movement up or X X X X X x No hills in its Not known.
over ridges or path.
slopes.
Lateral ridges ____ X X Probable X Not mentioned __ No, pgzzibly Do.
eroded.
Volume of deposit 11 37 11 26 283 20,840 40 Do.
in millions of
cubic meters.
Al&a ozf;deposit 6 2.7 2.5 8.5 14.0 165.0 2.8 Do.
m=).
Maximum vertical 5 9 1.9 1.1 13 1.0 1.3 Do.
drop (km).
Maximum horizontal 1.6 3.2 6.9 5.3 9.7 15.6 6.8 Probably large.
distance moved
(km).
V/H! or coefficient 26 28 27 21 .13 .10 19 Not known.
of friction.
Minimum velocity 160 180 155 185 120 335 Not known ______ Do.
Lithologic features:
Angularity and poor X X X X X X X X
sorting of clasts
including excep-
tionally large
blocks.
Limited amount of, X Clasts are Not mentioned __ X X X X X
or absence of, bruised.
abrasion of con-
stituent clasts.
Similarity of rock X X X X X Probably ________ X X
types to source
area, except for
material picked
up en route.
Cril_ckle breccia- Not observed ____ Not observed ____ Not mentioned __ X X Not mentioned __ X X
ion.
General absence of x X O X X ceeedO x Probable.
size sorting from
roximal to
istal end of
deposit.
Re(l]ic s{ratigraphy X X Y T X X ceendO Pronounced.______ Pronounced.
ocal
homogeneity).
Local internal X X cemdo_ X X PO | S Probable ________ Not known.
imbricate
structure,
especially near
distal margin.
High porosity ______ Not mentioned __ Not mentioned __ X (due toinclu-  Relatively non- Not mentioned, ..._do ______________ No ... No.
sion of air porous, except but less
and snow). near surface. recemented than
underlying
Silver %eef slide.

Remarks ______________ Destructive to Destructive to Composed of a Deposited largely Resembles many Largest known  Preservation of  Best examples of
life and life and series of on glacier. monolithologic terrestrial stratigraphic preservation of
property; property. avalanches, at Triggered by breccia deposits  avalanche sequence. stratigraphic
triggered by least one of earthquake. of southwestern  deposit. sequence.
quarry which probably United States.
operations. slid on an air

cushion.

Ratio of net vertical drop (from top of source scar to toe of avalanche deposit) to horizontal distance traveled.

fragment flows, some of which probably rode on a cush-
ion of air. Use of the term “flow” implies to me some
turbulence within the mass.

The absence of mixed lithologies, the preservation of
stratigraphic sequence, and the long distances traveled
indicate that the Kearny and El Capitan landslides

slid on a lubricating layer of some sort and that their
motion was nonturbulent. The undisturbed character
of the contact beneath the Kearny landslides is evi-
dence of little differential pressure exerted by the slide
block and indicates that the slides were not in contact
with the underlying soft clay and sand until they came
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to a sudden stop as the air escaped. The Kearny land-
slides, because of their present attitude, do not exhibit
many of the characteristic geomorphic features of
catastrophic avalanches, but their presence out in a
flat playa indicate a long runout. Most of the lithologic
features listed in table 1 are very characteristic of both
the Kearny and El Capitan landslides. High porosity,
however, is not characteristic of them or of the Silver
Reef landslide that underlies the Blackhawk. Shreve
(1968a, p. 16 and 17) stated that the Silver Reef is
completely recemented but only the surficial 3-5 m of
the Blackhawk is cemented, suggesting that the
amount of cementation, and therefore the amount of
porosity, is due to the age of the landslide. The El Capi-
tan and Kearny landslides have a closely packed ma-
trix around and of the same composition as the clasts,
thus a very low porosity. The absence of voids may
have been due to a relatively complete lack of turbu-
lence during emplacement. There appears to be little
later cementation.

CONCLUSIONS

An origin as catastrophic avalanches is proposed for
the Kearny and E1 Capitan landslides because of their
similarity to some known catastrophic avalanches that
traveled at high speed for long distances on gentle
slopes.

The El Capitan slide block unquestionably origi-
nated as a landslide. Because the Kearny slide blocks
are interbedded in playa and alluvial deposits, they
also must be of landslide origin. Any mode of emplace-
ment proposed for the landslides must explain the fol-
lowing features. The landslides clearly moved as non-
turbulent masses, as shown by thin beds that can be
traced for more than a kilometer, by the preservation
of stratigraphic sequence, and by the absence of mixed
lithologies within a slide block. The exposed parts of
the Kearny landslides show little evidence of having
exerted differential pressure on the underlying clay
and sand (fig. 15) on which they came to rest: These soft
sediments were not disturbed, nor were they injected
into the overlying megabreccia as sandstone dikes. The
proximal part of the El Capitan landslide, likewise, did
not disturb the underlying sediments, perhaps in part
because these sediments were alluvial fans that were
less likely to be disturbed than finer grained softer sed-
iments. Differential pressure at the distal end of the El
Capitan landslide, however, was sufficient to throw the
underlying lakebeds into folds (fig. 26) and to force
them into cracks in the megabreccia (fig. 25).

The conglomeratic mudflow beneath the distal part
of the El Capitan landslide may have served as the
lubricant during emplacement, but nothing similar
was observed in the Kearny landslides. Air lubrication

would result in an abrupt stop as air escaped and could
produce the features seen in the distal end of the El
Capitan landslide. The mudfiow material is inter-
preted as “bulldozed and transported debris” charac-
teristic of the landslides Shreve (1968a, p. 30) studied.
It may also have served as the basal layer of lower
permeability that, according to Shreve (1968a, p. 43),
must be present beneath a landslide for air-layer lubri-
cation to occur.

The El Capitan landslide probably started as a
rockfall rather than as a rockslide along a bedding
plane. It seems unlikely that sliding would have re-
sulted in a high enough speed to account for the hori-
zontal distance traveled, and it is doubtful that sliding
alone would result in the pervasive brecciation found
in the landslide; but sliding may have produced the
gougelike brecciation near the base of the landslide at
its distal end. The pervasive brecciation in the Kearny
landslides probably resulted from rockfall impact.
Conceivably, the rocks could have been brecciated dur-
ing thrusting or faulting prior to emplacement, but no
such prior brecciation occurred in the El Capitan
source area.

The force with which the distal end of the El Capitan
landslide plowed into the underlying lakebeds, de-
veloped sheeted zones in the megabreccia, and caused
the Escabrosa megabreccia to drape down over lower
Martin megabreccia and locally onto the lakebeds
suggests that the landslide mass was traveling at high
speed and came to an abrupt stop. Other features in the
El Capitan landslide that must be considered are (1)
the flexible character of the landslide, as indicated by
the bending of the distal end as it plowed into the
lakebeds; (2) the significance of the conglomeratic
mudflow material at the base of the landslide; (3) the
relief on the lakebed surface which in places reflects
the presence or absence of Martin megabreccia beneath
the Escabrosa megabreccia; (4) the pervasive brecci-
ation, including the crackle brecciation, and (5) the
gougelike zones. Finally, many of the large breccia
masses in the southwestern United States should be
reexamined to determine whether they show evidence
of turbulent or nonturbulent movement.
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